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Introduction: Thirty percent of the muscle mass is lost between the third and eighth decades of life. Vitamin D may have different roles
in different aspects of the muscle cell function.

Aim: To assess the correlation between vitamin 25(OH)D levels, handgrip strength (HGS), and finger pinch strength (FPS) in elderly.

Materials and methods: This was a clinical observational study. It included a total of 92 patients of 65 years and over with good general
health status and 66 young healthy volunteers. They all underwent HGS and FPS measurements. Study groups were further stratified
into those with a serum 25(OH)D levels higher than 30 ng/dl and those with lower than 30 ng/dl

Results: When geriatric patients were divided into two groups based on 25(OH)D levels, no statistically significant intergroup differ-
ences were found in FPS (p>0.05) while statistically significant differences were found in HGS (p<0.05). The analysis of the correlations
between HGS and 25(OH)D concentrations revealed a positive, statistically significant correlation between these two parameters at r=
0.330 (p<0.05).

Conclusions: This study demonstrated that serum vitamin 25(OH)D levels have an impact on HGS in both geriatric group and control
group.
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skeletal muscle mass is a common finding among elderly.?
Loss of lean body mass and associated reduced musculo-
skeletal performance may lead to a frailty syndrome and

INTRODUCTION

The percentage of the population aged 65 years and older
is increasing due to recent technological advances and im-
proved healthcare services. However, this increase has sub-
sequently increased the prevalence of certain medical con-
ditions such as decreased global performance, decreased
motor coordination and dexterity.!? In addition to health-
care conditions, a reduced social and functional capability
of these patients is associated with inability to perform ac-
tivities of daily living.? Although the levels of physiological
loses may vary from person to person, loss of whole body

disability and dependency, frequent falls and hospital-
ization which ultimately may result in a reduced quality
of life.* Thirty percent of muscle mass is lost between the
third decade and eighth decade of life and muscle mass los-
es may reach up to 15% per decade until the age of 70.3*
These alterations in the muscle mass may also impair hand
functions, which have a significant role in our activities of
daily living. This impairment may cause dependency in
activities of daily living along with social and psychologi-
cal problems."* Muscle strength is a major determinant of
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hand functions and is best measured by a dynamometer.
Handgrip strength (HGS) reflects a maximum strength ob-
tained from combined contraction of extrinsic and intrinsic
hand muscles leading to the flexion of the finger joints.” A
weak handgrip represents a general weakness in humans
and has been found to be associated with mortality in pre-
vious studies.®” Measurement of HGS is recommended as
a measure of muscle strength and is the simplest modality
to assess muscle functions in clinical practice.” There are
studies demonstrating that HGS and finger pinch strength
(FPS) is decreasing with aging, notably after the age of 60,
the grip strength measurements peaked in the age group
25-34 years for male and in the age group 35-44 years for
female subjects.?

HGS measurements are increasingly used in clinical
practice to assess sarcopenia, frailty and malnutrition.’
Puig-Domingo et al.!? defined HGS measurements as the
best supplementary tool to assess muscle strength. HGS is
a risk factor for mobility, functional status and mortality.!!
Moreover, another study has determined associations be-
tween HGS and functional performance.!?

In recent years, vitamin D deficiency has become a glob-
al public health problem particularly in young children,
pregnant women and older adults.!® Vitamin D has a cru-
cial role in preventing osteomalacia and secondary hyper-
parathyroidism and in maintaining bone and mineral ho-
meostasis, particularly in older adults.!*!* Vitamin D has
been found to contribute bone health, independently from
calcium regulation.!® The impacts of vitamin D levels on
muscle mass have been investigated in several recent stud-
ies.'* Vitamin D status is assessed by serum 25-hydroxyvita-
min D (25(OH)D) concentrations and low vitamin D levels
have been linked to the loss of muscle strength and muscle
volume. Vitamin D has been assumed to mediate the im-
pacts on muscle mass by creating an increased mechanical
stress that may increase bone mass.'* Furthermore, there
are also studies indicating potential contribution of vitamin
D intake to muscle mass building.!> Therefore, the way of
vitamin D to affect muscle function has been extensively
studied during the recent year.! Thirty years ago, the nu-
clear vitamin D receptor (VDR) was first demonstrated
in human and animal cells, although the presence of this
receptor was confirmed 15 years later.!>!® Unlike previ-
ous studies, Wang and De Luca!® could not found VDRs
in skeletal muscles in a recent study and this finding may
be explained by the mediation of vitamin D in the trans-
formation of myoblasts into mature muscle fibers as well
as the effects of vitamin D on various aspects of muscle
cell functioning such as proliferation and differentiation.!”
Vitamin D may have different roles in different aspects of
the muscle cell function. Vitamin D may rapidly induce
changes in intracellular calcium concentrations probably by
its actions on membrane-bound receptors rather than the
genomic pathway.!” Histological evidence of muscle fiber
atrophy, predominantly in type II muscle fibers has been
defined in patients with vitamin D deficiency.!” Janssen et
al.!8 observed an association between total muscle mass and

vitamin D levels in a study in middle age men and women.
Possible associations between muscle strength and vita-
min D are not clear, some studies claim that lower levels of
vitamin D associated with muscle strength in elderly popu-
lation, while others did not identify any such difference.!*2°
In this study, we aimed at assessing associations between
25 (OH) D levels and rough HGS and FPS which may give
us an opinion on actual functional state and future level of
dependence in activities in daily living and mortality.

MATERIALS AND METHODS

Patients aged 65 years and over with knee osteoarthritis,
lumbar spondylosis, attending Physical Therapy and Re-
habilitation Outpatient Clinics of our hospital for routine
follow-up visits were assessed in this observational, clinical
study. The Turkish version of Mini Mental State Examina-
tion?! was used to assess cognitive functions of study sub-
jects and those who scored 25 and more were included in
this study. A control group of healthy volunteers (age range:
18-50 years) from hospital staff who agreed to participate
in the study was also included in the study. The approval
for this clinical study was obtained from the Institutional
Review Board. All patients were informed about the study
and a signed consent form was obtained from each patient.

Exclusion criteria were orthopedic or neurological dis-
eases that may lead to weakness of the hand muscles, cen-
tral and peripheral nervous system disorders, erosive osteo-
arthritis of finger joints, rheumatologic conditions affecting
the hand, primary endocrine disorder leading to a second-
ary vitamin D deficiency, severe osteoporotic patients.

Out of a study sample of 172 subjects, 92 geriatric pa-
tients and 66 controls were included in the study (Fig. 1).
Demographic characteristics of the subjects were recorded;
every subject underwent HGS and FPS measurements and
the results were noted. The body mass index (BMI) was
calculated as kg/m?2 Serum concentrations of 25(OH)D
of volunteers were determined by automated chemilumi-
nescense immunoassay method (Siemens, Advia Centaur
XP). Study groups were further stratified into those with
serum 25(OH)D levels higher and equal to 30 ng/ml and
lower than 30 ng/ml.

EVALUATION PARAMETERS

1) Hand Grip Strength (HGS): A standard hand dyna-
mometer (Jamar® Plus+ Digital Hand Dynamometer from
Patterson Medical by Sammons Preston) was used to mea-
sure grip strength. HGS was measured by an independent
physical therapist. Since the reliability and validity of Jamar
dynamometer is evaluated as high, it has been considered
a gold standard in the assessment of grip strength.?? The
test was performed in the sitting position with the shoul-
der of tested arm adducted, the elbow flexed at 90°, where-
as the forearm and wrist were set in neutral position. Grip
strength tests were performed three times with 1 minute
intervals and the average of three measurements was cal-
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Patients who presented to

Handgrip Strength and Vitamin 25(0OH)D Levels

outpatient clinic (n=172)

¢ Erosive osteoarthritis (n= 2)

Carpal and cubital tunnel sydrome (n=4)
Cognitive disorders (n=3)

Central neurological disease (n=2)
Rheumatoid arthritis (n=1)

Orthopedic problems in the hand (n=2)

Not eligible (n=14)

Patients who agreed to participate in the study and signed informed consent form (n=158)

Elderly patients (n=92)

Analysis
Vitamin 25 Vitamin 25
(OH)D<30 (OH)D>30

ng/mL (n=67) ng/mL (n=25)

Young control (n=66)

Analysis

Vitamin 25
(OH)D<30
ng/mL (n=27)

Vitamin 25
(OH)D<30
ng/mL (n=39)

Figure 1. Flow diagram.

culated. For both measures the values between 0.2 and 0.5
indicated a low responsiveness, the values in the range of
0.51-0.8 were moderate and >0.8 showed a high level of re-
sponsiveness.??

2) Finger Pinch strength (FPS): Patients’ pinch strength
was tested using a pinch meter (Jamar® Pinch Gauge, USA).
Tip pinch was the type of pinch tested in the study. The
pinch meter was pinched between the tip of the thumb and
the tip of the index finger to measure the pinch strength.
Patients were asked to pinch as hard as they could. The test
was repeated three times and the average of three measure-
ments was recorded in kilograms. The reliability and valid-
ity of the pinch strength test was shown by Mathiowetz et
al.4

STATISTICAL ANALYSIS

The data analysis was performed by IBM SPSS 23.0 sta-
tistics software package. Descriptive statistical methods
(frequency, percentage, mean, standard deviation, medi-
an, min-max) were used to assess the study data. The Sha-
piro-Wilk test was used to check whether the data were
normally distributed. The data showed no normal distribu-
tion. Mann-Whitney U test was used to make intergroup

comparisons. Chi-square test and Fisher test were used to
compare categorical data. The relationships between vari-
ables were assessed using Spearman’s rho correlation test.
The results were evaluated in a confidence interval of 95%
and statistical significance was set at p <0.05.

RESULTS

Ninety-two geriatric patients (mean age+SD 69.34+5.19
yrs) and 66 healthy controls (mean age+SD 41.69+6.28 yrs)
were included in this study. No statistically significant in-
tergroup differences were found in sex and BMI (p>0.05)
(Table 1).

Serum 25(OH)D levels were compared between geriatric
group and younger healthy controls. Serum vitamin D lev-
els below 30 ng/ml were determined in 67 (72.8%) subjects
from the geriatric group and in 39 (59.09%) subjects from
the younger and healthy controls. The mean serum 25(OH)
D concentration in elderly patients was lower (22.87+14.35
ng/ml) than that of the control subjects (25.59+13.68 ng/
ml), however the difference was not statistically significant
(p>0.05) (Table 1).
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HGS and FPS scores were found to be statistically sig-
nificantly lower in the geriatric group than those in healthy
controls (p<0.05) (Table 1). In geriatric group, HGS and
EPS scores were statistically significantly lower in women
(female HGS 40.60+11.37, male HGS 52.90+15.66; p=0.028;
female FPS 9.66+2.54; male FPS 14.27+3.43; p=0.001). But
in healthy control group no statistically significant differ-
ence were found between women and men (female HGS
46.09+8.36, male HGS 48.22+9.75; p=0.451; female FPS
11.23+2.64; male FPS 12.00+2.80; p=0.397)

When geriatric patients were divided into two groups
based on the 25(OH)D levels, no statistically significant in-
tergroup differences were found in age, sex and BMI and
EPS (p>0.05) while statistically significant differences were
found in HGS (p=0.009) (Table 2).

When control subjects were divided into two groups
based on the 25(OH)D levels, statistically significant inter-
group differences were found regarding HGS (p<0.001) and
FPS (p=0.002) (Table 3).

The analysis of the correlations between HGS and
25(0OH)D concentrations revealed a positive for all par-
ticipants, statistically significant correlation between these
two parameters at Spearman’s rho= 0.330 (p<0.05). Fur-
thermore, the analysis of the correlations between FPS and
25(0OH)D concentrations revealed a positive, statistically
significant correlation between these two parameters at
Spearman’s rho = 0.167 (Table 4). When we analyzed the
correlation between HGS, FGS and 25(0OH)D concentra-
tions of geriatric and young groups, a positive statistically
Spearman’s rho correlation between HGS and 25(0OH) D
vit for both groups (p<0.05) was found, for FPS only in the
young group has positive correlation with vitamin 25(OH)
D (p<0.05) (Table 5).

DISCUSSION

In our study, we found statistically significant reduction in
HGS and FPS in geriatric patients compared to younger
population (Table 1). Also we found lower HGS scores in

vitamin D deficient subjects both from geriatric and young
adult groups (Table 2,3). We found negative correlation be-
tween FPS and HGS scores and serum 25(OH)D vitamin
level in both groups (Table 4).

Inastudy assessing HGS and hand skills, Desrosiers etal.!
reported that the functional capacity was reduced over the
years, while baseline values played a major role in this result
rather than the age. A number of factors may be involved in
reductions in HGS, including diabetic neuropathy and cog-
nitive impairment.? Neither patients with diabetic neurop-
athy nor patients with cognitive impairment were included
in this study. In a study conducted by Giampaoli et al.2 HGS
readings were assessed in elderly male subjects who were
independent in activities in daily living and these subjects
were followed up for four years. A decline in the ability to
perform activities of daily living occurred at a higher rate in
subjects with lower HGS. In a study performed by Lenard et
al.?> HGS was found to be 64.3% lower in elderly and a neg-
ative correlation was reported between HGS and physical
activities. The measurements revealed that the right hand
possessed 10% greater grip strength than the left hand and
HGS readings were two times higher in male subjects than
that in female subjects. Ultimately, they found age related
declines in the measurements used to assess HGS, physi-
cal activities and psychological state. They concluded that
physical frailty rates increased as the HGS decreased in el-
derly. In our study, HGS and FPS were found to be signifi-
cantly lower in elderly compared to healthy controls aged
between 18 and 50 years.

Previous studies reported associations between vitamin
D levels and muscle strength in elderly. Serum vitamin D
concentration was defined as a risk factor for a weak hand-
grip in elderly German patients,'® while another study did
not reveal such associations in elderly female patients®. Ina
study conducted by Janssen et al.!8 total muscle mass, rough
HGS, knee extension strength and physical performance
were assessed in male and female patients aged between 40
and 80 years and they concluded that higher serum vitamin
D levels were associated with an increased muscle mass, a
greater rough HGS and higher physical performance. Viss-

Table 1. Comparison of intergroup demographic characteristics, HGS, FPS, vitamin 25(OH)D values of the subjects

Elderly group (n=92) Young controls (n=66) p value
Age (years) 67 (65-85) 43 (24-50) <0.001
Gender (Female/Male) 81/11 (%88/%12) 51/15 (%77/%23) 0.084
BMI (kg/m?) 30.11 (18.67-77.0) 26.96 (20.07-40.0) 0.087
Vitamin 25(0H)D (ng/ml) 19.10 (5-70.50) 26.65 (3.70-65) 0.121
HGS (kg) 42 (16-67.00) 46 (32.60-70.10) 0.006
FPS (kg) 10 (5-20) 11 (6-20) 0.003

BMI: body mass index, HGS: hand grip strength, FPS: finger pinch strength, median (min-max) is used without normal distribution.

Statistical significance at p<0.05.
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Table 2. Comparison of values in elderly subjects by level of vitamin 25(OH)D

Vitamin 25(OH)D
Elderly Group Low Normal p value
(n=67) (n=25)

Age (years) 68 (65-89) 66 (65-81) 0.057
Gender (Female/Male) 60/7 (%90/%10) 21/4 (%84/%16) 0.482
BMI (kg/m2) 29.82 (18.67-37.66) 25.84 (21.30-39.06) 0.231
HGS (kg) 38.50 (16-67.00) 46.5 (17.60-67.00) 0.009
FPS (kg) 10 (5-20) 9 (5-17) 0.500

BMI: body mass index, HGS: hand grip strength, FPS: finger pinch strength, median (min-max) is used without normal distribution.

Statistical significance at p<0.05.

Table 3. Comparison of values of participants in the control group by the level of vitamin 25(OH)D

Vitamin 25(OH)D
Young control group Low (<30 ng/ml) Normal (=30 ng/ml) p value
(n=39) (n=27)

Age (years) 44 (24-50) 43 (30-49) 0.501
Gender (Female/Male) 33/6 (%85/%15) 18/9 (%67/%33) 0.135
BMI (kg/mz) 27.51 (20.07-40.0) 26.17 (20.31-37.46) 0.502
HGS (kg) 40.10 (32.60-58.30) 52 (42-70.10) <0.001
FPS (kg) 10 (6-15) 12 (9-20) 0.002

BMI: body mass index, HGS: hand grip strength, FPS: finger pinch strength, median (min-max) is used without normal distribution.

Statistical significance at p<0.05.

er et al.!” found higher losses of appendicular skeletal mus-
cle mass after three years of follow up in elderly patients
with lower serum 25(OH)D levels. In another study lower
vitamin D levels were not found to be associated with lesser
muscle mass in a population under the age of 65.2° Associ-
ations were also found between vitamin D levels and mus-
cle mass, muscle strength and performance.?” In our study,
lower HGS readings were observed in vitamin D deficient
subjects both from geriatric and young adult groups. The
thumb makes a major contribution to the functional ca-
pacity and fine skills of the hand.?* Therefore, lateral pinch
between the thumb and index finger was also assessed in
this study. A decline in these values was also more promi-
nent in the elderly group compared to readings in younger
controls. FPS was found to be reduced in control subjects
with lower vitamin D levels while no significant reduction
was observed in FPS in geriatric patients with lower vita-
min D levels. A number of factors including sarcopenia and
frailty may affect muscle strength and the presence of these
factors may explain this observation in elderly. However,
the lack of concomitant factors in the younger group might
suggest that the reduction in FPS might be a reflection of
vitamin D deficiency alone.

In a study investigating the impact of vitamin D levels
on muscle strength and function (gait speed, balance dy-
namometer and muscle strength in lower limbs) in women
over the age of 65, investigators underlined that readings
above 20 ng/dl are required for a proper muscle function.?”
In a study conducted by Bunout et al.?® elderly male sub-
jects participated a 9-month exercise program and a subset
of participants received supplementary vitamin D (4000
IU daily) concurrently with training; this study did not re-
port any synergistic effects of vitamin D supplements on
the muscle strength and function. Muscle strength did not
improve despite vitamin D supplementation in healthy el-
derly with average serum vitamin D concentrations (60-65
nmol/L).!8 The reference range for serum vitamin D con-
centrations is controversial in the literature. Serum 25(OH)
D3 level is the best clinical indicator of vitamin D status
since it reflects the sum of cutaneous synthesis and dietary
intake of vitamin D. In our study, we chose a cut-oft level of
30 ng/ml for vitamin 25(OH)D, which has been accepted as
a lower limit for vitamin D concentrations in meta-analyses
investigating serum vitamin D concentrations necessary to
prevent falls and fractures in elderly.?® Furthermore, Med-
ical Guidelines for Clinical Practice of the Association of
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Table 4. Correlation between vitamin 25(OH)D and HGS groups

Vitamin 25(OH)D
(ng/ml)
HGS (kg) Spearman’s rho 0.330
p value 0.000
FPS (kg) Spearman’s rho 0.167
p value 0.015

HGS: hand grip strength, FPS: finger pinch strength

Table 5. Correlation of HGS with vitamin 25(OH)D for elderly
patients and control group

Vitamin 25(OH)
D (ng/ml)

HGS (kg) Elderly Spearman’s 0.305
group rho

P value 0.003

Young Spearman’s 0.665
control rho

group p value 0.000

FPS (kg) Elderly Spearman’s 0.007
group rho

p value 0.948

Young Spearman’s 0.431
control rho

group p value 0.000

HGS: hand grip strength, FPS: finger pinch strength

Endocrinology also recommend a cut-off value of 30 ng/dl
for vitamin D (serum 25(OH)D levels from 20 to 29 ng/ml:
vitamin D insufficiency, serum 25(OH)D levels <20 ng/ml:
vitamin D deficiency, serum 25(OH)D levels > 30: recom-
mended levels).3°

LiMITATIONS

The most important limitation of our study is using healthy
younger control group. We think that the another limita-
tion of the study was the relatively small sample size.

CONCLUSION AND CLINICAL
IMPLICATIONS

This study showed that serum vitamin 25(OH)D levels
had an impact on HGS in both geriatric group and young
group. It should be kept in mind that lower vitamin D lev-
els may have a negative impact on rough HGS and vitamin

D deficiency may present with muscle weakness in upper
extremity in elderly. Further studies with larger samples are
needed.
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B3anmocBA3b MeXxAay CUON CKaTua PYKU N YpoBHeM BuTamuHa 25 (OH)
D y repmaTpunyecknx nayuneHToB
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BBepeHue: TpVI,D,LLaTb npoueHToB MbILLEYHOWN MacChbl TEPAETCA MeXAy TPETbUM U
BOCbMbIM AeCATUNETUAMMN KN3HWU. ButamuH D moxeT NUrpaTtb pa3sHblie ponun B pa3-
HbIX aCneKTax d)YH KUMW MbILLUEYHbIX KNETOK.

Lenb: OueHUTb Koppenauuio Mexay ypoBHAMM BuTamuHa 25 (OH) D, cnnoi cxa-
1A pykn (CCP) n cunon cxatna nanbues (CCIM) y noxunbix nogen.

Matepumanbl n meTogbl: Mbl NpoBenu KNMHNYECKOe NCCNefoBaHe METOAOM Ha-
6niogeHus. B Hero Bownu 92 nayueHTa B Bo3pacTe 65 fieT 1 cTaplue C XOpoLwWnm
06LWMUM COCTOAAHMEM 300POBbA 1 66 MOSTOAbBIX 300POBbLIX 0OPOBONbLEB. BCce OHM
npownu namepeHna CCP n CCIl. ViccnegosaTenbckue rpynnbl 6binn fanee pas-
ZeneHbl Ha rpynnbl ¢ ypoBHeM cbiBopoTky 25 (OH) D 6onee 30 ng/dl v rpynnsl ¢
ypoBHeM cbiBopoTKu 25 (OH) D Huxe 30 ng/dl.

Pesynbratbl: Korga noxunble nauneHTbl 66111 pasgeneHbl Ha ABe rpynnbl Ha Oc-
HoBe ypoBHeln 25 (OH) D, ctatuctnueckn 3Hauumbix pasnuumin npyn CCI He 06-
Hapy»eHo (p> 0,05), HO CTaTUCTUYECKUN 3HAUMMbIe Pa3nuna GblIN YCTaHOBEHDI
npu CCP. AHann3 koppenauun mexay CCP n koHueHTpaunamm 25 (OH) D Bbiasun
NONOXKUTENbHYIO, CTaTUCTUYECKN 3HAUVMMYIO KOPPEeNnAunio Mexay 3STUMK OBYMSA
napametpamu npu r = 0,330 (p <0,05).

BbiBogbI: TO cCiefoBaHME NPOAEMOHCTPMPOBASIO, YTO CbIBOPOTOUHbIE YPOBHM
BuTaMuHa 25 (OH) D oka3sbiBatoT Bo3gencTeme Ha CCP Kak B repuaTpmnyeckomn, Tak
1 B KOHTPOJIbHOW rpynnax.
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